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(54) EXPANDED RESIN BEAD 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain an expanded resin bead composed of expanded core layer and nonxpanded coating 
layer cosisting respectively of each specific component, and capable of giving a molded form having physical properties 
comparable to those of molded form using high-melting thermoplastic resin expanded beads and also high in heat resistance 
temperature even by the use of a versatile molding machine. 

SOLUTION: This expanded resin bead is composed of (A) expanded core layer consisting of a crystalline thermoplastic 
resin and (B) nonexpanded coating layer consisting of an ethylene-based polymer either lower in melting point than the 
component A or presenting no melting point. The component A is pref. a propylene homopolymer or a copolymer of 
propylene and another α-olefin; while the component B is pref. a straight-chain low-density polyethylene or 
straight-chain ultra-low-density polyethylene each prepared by polymerzation using a metallocene catalyst. Use of an 
ethylene-based polymer composition, as the coating layer, prepared by blending 100 pts.wt. of the component B with 1-100 
pts.wt. of the crystalline thermoplastic resin identical with that in the component A, affords improvement of the adhesiveness 
between the core layer and coating layer, therefore being favorable. The melting point of the component B is pref. 100-125° 
C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention can make low molding temperature for having the outstanding 
weld nature in detail about a foaming resin particle, therefore obtaining the Plastic solid in a mold, and, moreover, the 
mechanical physical properties and thermal property of a Plastic solid which were acquired are related with a good foaming 
resin particle. 
[0002] 

[Description of the Prior Art] A foaming resin particle has the low thermal conductivity based on closed-cell structure while 
being able to take arbitrary configurations, therefore it is widely used as forming raw materials, such as a heat insulator, shock 
absorbing material, and a core material. And as thermoplastics which constitutes the above-mentioned foaming resin particle, 
polyethylene, polypropylene, polystyrene, etc. are usually used. 

[0003] However, since the melting point is as high as 135 degrees C or more, in case it is fabrication in a mold, the 
high-pressure steam exceeding 2 kg/cm2G is required in the case of the high-melting point resin with which a foaming resin 
particle is represented by the polypropylene regin, as a pressure required for weld of foaming resin particles. Therefore, the 
cost concerning fabrication becomes high and, moreover, there is a fault that a molding cycle becomes long. Moreover, since 
it cannot fabricate with the foaming machine in a mold for the form polystyrene which has spread widely in the case of the 
foaming resin particle which consists of the above-mentioned high-melting point resin, a briquetting machine with the high 
mold-clamp pressure equipped with the control system of a high pressure steam is needed. 

[0004] On the other hand, it has the advantage that it can fabricate that the melting point of the vapor pressure for weld of 
foaming resin particles should just be the low voltage below 2 kg/cm2G for a 125-degree-C or less and low reason in the case 
of a polyethylene system resin, without the briquetting machine for form polystyrene also almost changing specification. 
However, the foaming object of a polyethylene system resin has low thermal resistance because of [ the ] the low melting 
point, and especially the foaming object of high foaming has a small energy-absorption performance. Therefore, the foaming 
object of a polyethylene system resin is usable only in low foaming as compared with the foaming object of other 
thermoplastics. 
[0005] 

[Problem(s) to be Solved by the Invention] It is in offering the foaming resin particle which has the conventional Plastic solid 
which used the thermoplastics foaming particle of a high-melting point even if it fabricated the purpose by the low 
general-purpose briquetting machine of mold-clamp **, and the physical properties of an abbreviation EQC by making this 
invention in view of the above-mentioned actual condition, and can give a Plastic solid also with heat-resistant high 
temperature. 
[0006] 

[Means for Solving the Problem] That is, the melting point consists of a low or the ethylene system polymer which does not 
thisDtechnical field to which invention belongs] □ layer and the aforementioned thermoplastics of the foaming state which 
consists of crystalline thermoplastics, and the summary of this invention consists in the foaming resin particle characterized by 
consisting of enveloping layers which are in the state where it does not foam, substantially. 
[0007] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. The foaming resin particle of this invention 
has the composite construction which consists of a core layer and an enveloping layer. A core layer consists of crystalline 
thermoplastics. As an example of this thermoplastics, although a polypropylene regin, a polybutene system resin, the poly 
methyl pentene system resin, a polyester system resin, a polyamide system resin, a fluorine system resin, a crystalline styrene 
resin, etc. are mentioned, a propylene homopolymer, and the random copolymers and block copolymers with an alpha olefin 
other than a propylene and a propylene are desirable. 

[0008] It consists of ethylene system polymers with which the melting point of an enveloping layer is low, or it does not 
indicate the melting points to be substantially from the aforementioned thermoplastics, this ethylene system polymer of the 
low melting point -- carrying out - the copolymer of vinyl acetate besides a high-pressure-process low density polyethylene, a 
straight chain-like low density polyethylene, and a straight chain-like super-low density polyethylene, an unsaturation 
carboxylate, a unsaturated carboxylic acid, vinyl alcohol, etc. and ethylene is mentioned 

[0009] Moreover, as the above-mentioned ethylene system polymer which does not show the melting point substantially, 
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rubber elastomers, such as ethylene-propylene rubber, ethylene propylene diene rubber, an ethylene acrylic rubber, 
chlorinated-polyethylene rubber, and chlorosulfonated polyethylene rubber, are mentioned, for example. These ethylene 
system polymers can be used as two sorts or more besides independent use of constituents. 

[0010] In the above-mentioned ethylene system polymer, a high-pressure-process low density polyethylene, a straight 
chain-like low density polyethylene, and a straight chain-like super-low density polyethylene are desirable. The straight 
chain-like low density polyethylene and the straight chain-like super-low density polyethylene by which the polymerization 
was carried out especially using the metallocene catalyst are the most desirable. Moreover, in this invention, the ethylene 
system polymer constituent which consists of the same crystalline thermoplastics as an ethylene system polymer and a core 
layer as an enveloping layer can also be used suitably. According to this ethylene system polymer constituent, there is an 
advantage that the adhesive property of a core layer and an enveloping layer improves. 

[001 1] The operating rate of the above-mentioned thermoplastics is chosen from the range of the 1-100 weight section to the 
ethylene system polymer 100 weight section. When the operating rate of thermoplastics exceeds the 100 weight sections, the 
**** form of an enveloping layer will change, the phase of the sea where thermoplastics continued will be constituted, and the 
vapor pressure of the fabrication in a mold seldom declines. The desirable rate of thermoplastics is the range of 1 - 50 weight 
section. 

[0012] In this invention, it is desirable to use it to the thermoplastics which constitutes a core layer, choosing the ethylene 
system polymer of 15-degree-C or more low melting point. The range of 20 degrees C - the 60 degrees C of the 
above-mentioned melting point differences of an ethylene system polymer and thermoplastics is 20 degrees C - 40 degrees C 
still more preferably preferably. When the above-mentioned melting point difference is less than 15 degrees C, there is a 
possibility that the enveloping layer which consists of an ethylene system polymer under the condition on which the 
thermoplastics of a core layer is made to foam may foam. 

[0013] Furthermore, 125 degrees C or less of melting points of the aforementioned ethylene system polymer are preferably 
chosen from the range of 100-125 degrees C. When using the ethylene system polymer to which the melting point exceeds 
125 degrees C, it is in the inclination for the required vapor pressure at the time of fabricating a foaming resin particle to 
become high. 

[0014] In the foaming resin particle of this invention, the range of 1-150 micrometers of thickness of an enveloping layer is 
10-100 micrometers preferably. When the thickness of an enveloping layer is less than 1 micrometer, there are few effects of 
fully reducing a vapor pressure, in the case of fabrication. On the other hand, when the thickness of an enveloping layer 
exceeds 150 micrometers, in the case of fabrication, substantially [ the enveloping layer of what can be lowered ], the rate of a 
vapor pressure of an un-foaming nature portion is large, and the mechanical strength of a Plastic solid is in the inclination 
which becomes low considering an expansion ratio. 

[0015] Fundamentally, after infiltrating an volatile foaming agent into the complex particle constituted by the core layer 
which consists of crystalline thermoplastics, and the enveloping layer to which the melting point changes from a low or the 
ethylene system polymer which does not show the melting point substantially from the aforementioned thermoplastics, the 
foaming resin particle of this invention carries out heating foaming, and is obtained. 

[0016] as the above-mentioned volatile foaming agent, inorganic gas, such as halogenated hydrocarbons, such as low-grade 
aliphatic hydrocarbon, such as a propane, butane, a pentane, a heptane, a cyclopentane, and a cyclohexane, dichloro 
JIFURORO methane, and TORIKUROROMONOFURORO methane, nitrogen, air, and carbon dioxide gas, etc. is 
mentioned, and these are independent -- or two or more kinds are used, combining 

[0017] The following all directions method is used as the concrete manufacture method of the complex particle used as the 
raw material of the foaming resin particle of this invention. For example, the **** type compound die of a publication is used 
for JP,41-16125,B, a 43-23858 official report, a 44-29522 official report, JP,60-185816,A, etc. In this case, after using two 
sets of extruders, carrying out melting kneading of the thermoplastics which constitutes a core layer from one extruder and 
carrying out melting kneading of the ethylene system polymer constituent which constitutes an enveloping layer from an 
extruder of another side, thermoplastics is used as a core layer with a die, and **** type complex is made to breathe out by 
making an ethylene system polymer constituent into an enveloping layer. 

[0018] Subsequently, the complex obtained by making it this appearance is cut, and it considers as a 0.1-10mg complex 
particle. Since the enveloping layer ratio into which the vapor pressure of a fabricating operation is reduced effectively 
becomes high when the weight of a complex particle is less than O.lmg, the mechanical strength of the foaming object 
acquired falls. On the other hand, when the weight of a complex particle exceeds lOmg, the restoration nature to the metal 
mold at the time of fabrication tends to get worse. 

[0019] After sinking an volatile foaming agent into an above **** type complex particle, specifically as a method of carrying 
out heating foaming, the method of a publication can be used for JP,49-2183,B, a 56-1344 official report, the West Germany 
provisional-publication-of-a-patentNo. 1285722 official report, a 2107683 official report, etc. 

[0020] in this case, a **** type complex particle is put in with an volatile foaming agent in an airtight container, and it heats 
more than the softening temperature of the crystalline polymer of a core layer -- an volatile foaming agent is both infiltrated 
into a complex particle Then, after emitting the contents in an airtight container to a low-pressure atmosphere from an airtight 
container, the foaming resin particle of this invention is obtained by carrying out dryness processing. 
[0021] Usually, although heating temperature at the time of foaming of a complex particle is carried out to more than the 
softening temperature of the thermoplastics of a core layer, it is desirable to make it temperature higher than the melting point 
(it is the melting point of a principal component in the case of a constituent) of the ethylene system polymer of an enveloping 
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layer. Moreover, in this invention, in order to make it complex particles not weld mutually in an airtight container, stirring 
equipment is ****(ed). 

[0022] It is desirable to use water, alcohols, etc. as a dispersion medium of a complex particle at the time of heating foaming. 
Furthermore, it is desirable independent or that two or more kinds use anionic detergents, such as water-soluble protective 
colloid, such as a mineral matter of difficulty water solubility of an aluminum oxide, the tribasic calcium phosphate, 
pyrophosphoric-acid magnesium, a zinc oxide, etc., a polyvinyl pyrrolidone, polyvinyl alcohol, and a methyl cellulose, 
sodium dodecylbenzenesulfonate, and alpha olefin sulfonic-acid sodium, mixing so that a complex particle may distribute 
uniformly to a dispersion medium. 

[0023] In case a complex particle is emitted to a low-pressure atmosphere, in order to make the discharge concerned easy, it is 
desirable to introduce the same inorganic gas as the above or an volatile foaming agent into an airtight container from the 
exterior, and to hold the pressure in an airtight container uniformly. 

[0024] The foaming resin particle of this invention is fabricated using the metal mold of various conditions, after [ for 
example, ] being filled up with a foaming resin particle into the mold cavity which consists of the metal mold of the 
concavo-convex couple under atmospheric pressure or reduced pressure ~ metal mold - mold cavity volume is compressed to 
decrease 5 to 70%, and the compression casting method (for example, JP,46-38359,B) for introducing heat carriers, such as 
steam, and subsequently to in a mold cavity, carrying out heating weld of the foaming resin particle is mentioned 
[0025] moreover - while processing a foaming resin particle beforehand by one sort of an volatile foaming agent or inorganic 
gas, or two sorts or more, heightening the post-expansion force of a foaming resin particle and holding the post-expansion 
force subsequently ~ the metal mold under atmospheric pressure or reduced pressure ~ after filling up a mold cavity, the 
pressurization riping method (for example, JP,5 1-2295 1,B) which introduces a heat carrier in a mold cavity and carries out 
heating weld is mentioned 

[0026] the metal mold pressurized by compressed gas more than atmospheric pressure - after being filled up with the 
foaming resin particle which pressurized the mold cavity more than the pressure concerned, the compression filling-up 
method (for example, JP,4-46217,B) which introduces a heat carrier in a mold cavity and carries out heating weld is 
mentioned 

[0027] It is filled up with a foaming resin particle into the mold cavity which consists of the metal mold of the 
concavo-convex couple under atmospheric pressure or reduced pressure using the high foaming resin particle of the 
post-expansion force acquired on special conditions, and, subsequently to in a mold cavity, the ordinary-pressure filling-up 
method (for example, JP,6-49795,B) which introduces heat carriers, such as steam, and carries out heating weld is mentioned. 
Which above method is sufficient as the forming method used by this invention, and it can be fabricated also with the 
combination of the above-mentioned method (for example, refer to JP,6-22919,B). 

[0028] As for the foaming resin particle of this invention, the thermoplastics of a core layer presents the foaming state of 
closed-cell structure from the state of the cut cross section of the particle, and, on the other hand, the ethylene system polymer 
of an enveloping layer is in the film state where it does not foam, substantially. 

[0029] In this invention, the Plastic solid which foaming resin particles fully welded with low vapor pressure also in which the 
above-mentioned fabricating method can be obtained. Moreover, with the outstanding mechanical strength, the thermal 
resistance of the Plastic solid obtained by making it this appearance is also high, and is useful as a heat insulator, a structural 
member, and a core material. 
[0030] 

[Example] Hereafter, although the example explained this invention in detail, this invention was not limited by the following 
examples unless the summary was exceeded. In addition, in each following example, each physical properties were searched 
for as follows. 

[0031] It measures with a <melting point> differential scanning calorimeter (DSC). First, it cools to a room temperature the 
speed for 10-degree-C/after a temperature up to the temperature to which the crystal dissolves a 3-5mg resin. Subsequently, a 
heating temperature up is carried out the speed for 1 0-degree-C/, and it considers as the melting point with the peak 
temperature of the endothermic curve obtained. 

[0032] The test piece with a <weld examination> length of 200mm, a width [ of 30mm ], and a thickness of 12.5mm was 
produced, the test piece was bent to 90 degrees in accordance with the periphery of a cylinder with a diameter of 50mm, and it 
judged on the following criteria. 
[0033] 
[Table 1] 

O : 80% or more of a test piece total cannot be broken, 
x: The thing exceeding 20% of a test piece total breaks. 

[0034] <Heat test> JIS K According to 6767, the rate of a heat-resistant dimensional change in 1 10 degrees C was measured 
on the following criteria. 
[0035] 
[Table 2] 

O : a size contraction is less than 3%. 
**: A size contraction is 3 - 6%. 
x: A size contraction exceeds 6%. 

[0036] The ethylene propylene random copolymer (153 degrees C of melting points) of 1.5% of ethylene contents was 
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kneaded using the monopodium extruder with example 1 bore of 40mm, and the straight chain-like low density polyethylene 
(123 degrees C of melting points) of density 0.920 was kneaded using the monopodium extruder with a bore of 25mm. 
Subsequently, from the die which has a die orifice with a diameter of 1.5mm, the ethylene propylene random copolymer was 
used as the core layer, and the strand was extruded by making a straight chain-like low density polyethylene into an 
enveloping layer. 

[0037] Furthermore, this strand was cut to 1.2mg, after cooling through a tank. When the cross section of this complex 
particle was observed with the phase-contrast microscope, the straight chain-like low density polyethylene with a thickness of 
30 micrometers had covered the ethylene propylene random copolymer. 

[0038] Next, in the airtight container, the complex particle 100 above-mentioned section, the water 250 section, the 
tribasic-calcium-phosphate 1.0 section with a particle size of 0.3-0.5 micrometers, and the sodium dodecylbenzenesulfonate 
0.007 section were taught, and, subsequently the butane 20 section was supplied into the airtight container under stirring. 
After filling up contents with 62% of filling factors, the temperature up was carried out to 145 degrees C over 1 hour, and it 
held for 30 minutes at this temperature. 

[0039] then, the discharge in the pars basilaris ossis occipitalis of an airtight container -- having introduced nitrogen gas to the 
gaseous-phase section in an airtight container, and holding the pressure in a container from the exterior, while opening the 
valve of a hole, contents were emitted to under atmospheric pressure and the foaming resin particle was obtained In this way, 
the obtained foaming resin particles are average bulk density 17 kg/m3 and 120 micrometers of diameters of an average foam, 
and did not have blocking of foaming resin particles, either. 

[0040] When the cross section of this foaming resin particle was observed with the phase-contrast microscope, the ethylene 
BUROP1REN random copolymer of a core layer is in the foaming state of a closed cell, and, on the other hand, the straight 
chain-like low density polyethylene had covered the foam of an ethylene propylene random copolymer with the film state 
where it does not foam, substantially. 

[0041] the steam which is under the atmosphere pressurized in the compressed air of 1.5 kg/cm2G after drying this foaming 
resin particle completely [ in 40-degree C drying room ], pressurizing in the compressed air of 2.0 kg/cm2G and shrinking a 
foaming resin particle - the product made from aluminum of the concavo-convex couple which has a hole - it is filled up in 
the mold cavity of metal mold, and further, the steam of 1 .0kg/cm2G was introduced and heating weld of the foaming resin 
particles was carried out 

[0042] subsequently, after [ of water cooling ] 20 seconds -- for 35 seconds - cooling radiationally - metal mold - metal 
mold was opened in the place where planar pressure became 0.3 kg/cm2G, and the molding object was taken out The molding 
object picked out from metal mold was 25mm in density 30 kg/cm3, 200mm long, 300mm wide, and thickness, and the size 
contraction to metal mold was 1 .9%. 

[0043] When 20 pieces of test pieces with a length of 200mm, a width [ of 30mm ], and a thickness of 12.5mm were 
produced, it wound around the periphery of a cylinder with a diameter of 50mm and it bent from the above-mentioned 
molding object to the angle of 90 degrees, 80% or more of a test piece did not break. Moreover, 50mm long, 50mm wide, and 
a test piece with a thickness of 25mm are produced from another molding object fabricated by the same process condition, 
and it is JISK. When the compression test was carried out according to 6767, the stress of 50% compression was 2.9 kg/cm2. 
Furthermore, JIS K When the heat test was carried out at 1 10 degrees C according to 6767, the size contraction was less than 
3%. These results are shown in Table 3. 

[0044] In examples 2-9 and one to example of comparison 9 example 1, the particle of a publication was used for Tables 3-8 
as a foaming resin particle, and it carried out like the example 1 except having carried out foaming and fabrication under the 
conditions shown in Tables 3-8. A result is shown in Tables 3-7. It turns out that the foaming resin particle and Plastic solid of 
this invention show the outstanding weld nature, a high mechanical strength, and thermal resistance. 
[0045] 
[Table 3] 
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[0048] 
[Table 6] 
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[Table 7] 
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[0051] 

[Effect of the Invention] While the foaming resin particle of this invention explained above shows the weld nature the heating 
vapor pressure in the fabrication in a mold excelled [ nature ] also in low voltage, the Plastic solid obtained has the 
outstanding physical properties also with a high and mechanical strength and high thermal resistance. 
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